Controlled Liquid Flow in a Microfluidic Network with Pressure Sensitive Valves based on Polydimethylsiloxane (PDMS)/Neodymium (NdFeB) Composites  by Hilber, W. & Jakoby, B.
 Procedia Engineering  47 ( 2012 )  382 – 385 
1877-7058 © 2012 The Authors. Published by Elsevier Ltd. Selection and/or peer-review under responsibility of the Symposium Cracoviense 
Sp. z.o.o.
doi: 10.1016/j.proeng.2012.09.163 
Proc. Eurosensors XXVI, September 9-12, 2012, Kraków, Poland 
Controlled liquid flow in a microfluidic network with pressure 
sensitive valves based on polydimethylsiloxane (PDMS) / 
neodymium (NdFeB) composites 
W. Hilbera* and B. Jakobyaa 
aInstitute for Microelectronics and Microsensors, Johannes Kepler University Linz, 4040 Linz, Austria 
 
Abstract 
We present the application of a composite material, consisting of a ferromagnetic neodymium powder and a silicone elastomer, 
alone to realize a microfluidic network with pressure sensitive passive valves. The mixing ratio of the composite and the degree of 
magnetization can be utilized to adjust the switching point of each single valve. By combining differently adjusted valves within a 
microfluidic network it is possible to realize a sort of liquid logic and to control the flow in the network just by changing the inward 
flow respectively pressure. This concept holds the advantage that it is purely passive, the switching points can be adjusted over a 
wide pressure range and the valves are not sensitive to contamination and/or chemical degradation. In our contribution we report on 
details of the fabrication technology and on the performance of the valves in a test device. 
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1. Introduction and Motivation 
In 2001 it was first suggested [1] to use magnetically modified elastomeric materials for realization of active 
microfluidic components. There, external electromagnets were used to actuate membranes made of 
polydimethylsiloxane (PDMS) mixed with iron powder. In the same year, Zhao et al. [2] presented their work about 
surface directed liquid flow in microchannels which was inter alia used to realize a network of pressure sensitive 
passive valves. 
We present the utilization of a composite material consisting of PDMS mixed with NdFeB powder alone to realize a 
passive microfluidic network with pressure sensitive valves. The mixing ratio of PDMS to NdFeB together with the 
degree of magnetization is used to design microfluidic valves with defined switching points. 
This setup holds the advantage that it is purely passive, the switching points can be adjusted over a wide pressure 
range, and finally the valves are, compared to surface modified structures, not sensitive to contamination and/or 
chemical degradation. Furthermore, the utilized technology is easily controllable and can be established in each 
laboratory without the need of cost-intensive equipment. PDMS offers several advantages for microfluidic 
applications, it is optically transparent (240 - 1100 nm), flexible, but mechanically strong, biocompatible and highly 
gas permeable, has excellent working properties and can be combined with a large variety of materials.   
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2. Device Concept 
Figure 1 shows a schematic drawing of the pressure sensitive valve, as well as an illustration of the working 
principle. The lower part of the valve consists of a magnetized PDMS/NdFeB composite with a high NdFeB content. 
The upper part of the valve consists of a flexible, non-magnetized PDMS/NdFeB membrane with lower NdFeB 
content, which defines the switching point of the pressure sensitive valve. The magnetic attraction between the elastic 
and non magnetized membrane and the magnetized composite underneath keeps the valve in the closed position. At a 
certain inward flow respectively pressure, the membrane deforms and the valve switches into the open position. The 
whole valve is embedded in a PDMS matrix. 
 
 Fig. 1. Sketch of the pressure sensitive valve (without the surrounding PDMS matrix) as well as the sectional front- and side-view of the valve in 
the closed and open position. The magnetic attraction between the non-magnetized membrane on the top and the magnetized pill at the bottom keeps 
the valve in the closed position. At a certain inward flow respectively pressure the membrane deforms and the valve switches in the open position. 
3. Fabrication Technology 
3.1. The PDMS/NdFeB composite 
The active parts of the pressure sensitive valves were all realized with a composite material of NdFeB and PDMS 
with different weight ratios and varying degree of magnetization. The NdFeB-powder, particle size 5 μm, with the 
label MQFP-14-12 was obtained from Magnequench Int. Europe. The PDMS silicone elastomer with the brand name 
Sylgard-184 was obtained from Dow Corning. 
For the actual realization of the magnetic parts weighted quantities of NdFeB and PDMS were thoroughly mixed, 
casted into prepared Aluminum molds, and finally cured for 4 hours at 60°C. If desired, the parts were subsequently 
magnetized with a high current coil. 
For the fabrication of the presented pressure sensitive valve two different magnetic parts were needed, firstly, a thin 
and flexible NdFeB/PDMS membrane with circular shape and only weakly magnetized, and secondly, a magnetized 
pill with high NdFeB to PDMS mixing ratio and two flat sections to smoothen the switching characteristic of the valve 
(see the upper right panel in Figure 2).  
3.2. Fabrication sequence 
Once the magnetic composites have been realized, the valve was fabricated with a multiple step PDMS molding 
process. Figure 2 depicts the schematic process sequence, starting with the non-magnetized membrane, the magnetized 
pill and two molding masters for the top- and bottom layer of the device, respectively. The top layer serves as a cover 
and contains the deformable ferromagnetic membranes at the valve positions, the bottom layer contains the 
corresponding magnetized pills and the microfluidic channels. To prevent sticking between the membrane and the 
magnetic pill during the final bonding step of the two layers in the furnace, the active region of the valve was spin 
coated with a Perfluorododecyltrichlorosilane (PFDTCS) solution (1% v/v in ethanol) and then dried in air [3]. 
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Fig. 4. Top view photograph of the actual test device in PDMS/NdFeB composite 
technology. For better visualization the edges of the microfluidic channels are 
accentuated with a dotted line. The numbers 1 and 2 denote the inlet and the outlet of the 
center fluid channel (dimensions 5 x 0.15 mm2), the numbers 3, 4 and 5, 6 denote side 
channels (dimensions 2.5 x 0.15 mm2) separated with low- and high-pressure valves, 
respectively. The fluid connection to the outside is realized via integrated microfluidic 
connectors for small tubes on the backside (not visible). 
 
Fig. 3. Multiple step molding process for the realization of a pressure sensitive valve based on NdFeB/PDMS composite materials, starting with the 
non-magnetized membrane, the magnetized pill and two molding masters for the top- and bottom layer of the device, respectively.  
 
4. Experimental Results 
To test the applicability of the valve as a passive control element, a simple device shown in Figure 4 was devised. It 
consists of a center fluid channel and four side channels, separated by pressure sensitive valves. The valves in the left 
branch (3 and 4) are designed to open at a low pressure, the valves in the right branch (5 and 6) are designed to open at 
a higher pressure. The difference between the low and high pressure valves is the weight ratio of NdFeB to PDMS in 
the membrane above the channel, which is 1:1 and 2:1 for the low and high pressure valve, respectively. The 
magnetized composite underneath the channel has a weight ratio NdFeB:PDMS of 3:1 yielding a magnetic flux 
density B | 40 mT at the surface. 
 
 
 
 
 
 
 
 
 
 
Figure 5 shows a picture sequence illustrating the operation of the valves in the microfluidic network under test. 
The inward port no. 1 was connected to a syringe pump, the center outward port no. 2 was connected to a collecting 
vessel adjustable in height, which was utilized to adjust the hydrostatic resistance in the center channel. All other 
outward ports were connected to collecting vessels at the same ground level. At low inward flow rates all valves are 
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Fig. 6. Measured flow through the microfluidic 
network as a function of the inward flow, 
generated by a syringe pump connected to the 
inward port no. 1 of the center fluid channel. 
The center outward port no. 2 was connected to 
collecting vessel with adjustable height in 
order that the hydrostatic pressure in the center 
channel and hence the switching points of the 
valves are shifted into the accessible flow 
range. At small flow rates all valves are in the 
closed position and the liquid flows only in the 
center channel (switching state A), at an 
inward flow rate of 0.5 ml/min the low 
pressure valves open (switching state B), and at 
a flow rate of 15 ml/min finally also the high 
pressure valves open (switching state C). 
 
Fig. 5. Sequence of pictures with raising inward 
flow respectively pressure in the center fluid 
channel showing the different switching states 
(0oAoBoC) of the test device. For better 
visualization the liquid is colored with blue 
watercolor. 
closed and the liquid flows only in the center channel (switching state A). For the realized measurement setup, at an 
inward flow rate of 0.5 ml/min the switching point of the low pressure valves is reached and the liquid also starts to 
flow through the left branch (switching state B). As the flow rate is further increased up to 15 ml/min finally also the 
switching point of the high pressure valves is reached and the liquid flows through the whole network (switching 
state C). Subsequent reduction of the inward flow below 15 and 0.5 ml/min cuts off the right and left branch again, 
respectively. 
 
 
Finally, Figure 6 shows the measured flow through the microfluidic network as a function of the inward flow, 
which was realized with a syringe pump. The flow through the outward channels was measured by weighing the 
corresponding mass of the liquid in defined time intervals. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
5. Conclusion 
Summarizing, we have shown that polydimethylsiloxane (PDMS) / neodymium (NdFeB) composites alone can be 
used to realize a network with passive pressure sensitive valves. The mixing ratio of the composite together with the 
degree of magnetization can be utilized to adjust the switching point of each single valve. Experimental results with a 
test device prove the applicability of the valve as a purely passive and reliable control element in a microfluidic 
network.   
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